The aim of this paper is to investigate the implications of the fourth industrial revolution for technological competitiveness, its definition and measurement methods. An empirical part is aimed at identifying comparative advantages of the European Union in digital technologies. Recently new approaches have appeared to measure digital competitiveness, however they use a broad definition of competitiveness that encompasses not only technological factors but also the macroeconomic and institutional environment (IMD, 2017; WEF, 2018) . There is still a limited number of studies focused on the technological dimension of competitiveness in digital technologies. This paper fills the gap by developing a conceptual framework based on patent indicators, i.e. Patent Share and Revealed Technological Advantage indices. It allows a consistent analysis of the comparative advantages of the EU member states in digital technologies to be conducted. The results confirm a huge diversity within the EU in terms of digital technologies, their global impact and comparative advantages.
Introduction
The issue of international competitiveness and its links with technological development and national innovative capacity has been the focus of conceptual research since the 1980s, however in the era of the fourth industrial revolution this topic is gaining greater importance. Artificial intelligence, robotics, the Internet of things, big data analytics, cloud computing, augmented reality are signs of this new technological era known as Industry 4.0 (Kagermann, Helbig, Hellinger, & Wahlster, 2013; Weresa, 2019) .
The Industry 4.0, which is a manifestation the fourth industrial revolution, has become an increasingly important issue discussed and researched by academics, companies and policy makers. The term "Industry 4.0" was used for the first time by the German government in the context of the digitalization strategy of the German manufacturing sector (BMBF, 2013) . However, despite the increasing interest in this new paradigm, its conceptual framework is still not fully developed from the theoretical and methodological point of view. In particular there are ongoing discussions as to how the innovation and competitiveness of countries is changing in the digital age (Schwab, 2016; Morrar, Arman, & Mousa, 2017; WEF, 2018; OECD, 2019) .
Companies are also not fully prepared for the digital transformation, some of them are not aware of the challenges they may face in implementing the Industry 4.0 achievements. Industry 4.0 may require a deep transformation of their technological profiles and business models which in the long run will have an impact on countries' innovation and technological performance. Digital technologies change innovation practices in all sectors, including traditional ones. They are regarded as general purpose technologies as they can bring long-term productivity gains shaping the economic and social landscape (Planes-Satorra & Paunov, 2019) .
Key conceptual and methodological questions related to competitiveness seen in the context of the fourth industrial revolution are about the notion of countries' technological competitiveness, its indicators and measurement methods, in particular in the field of digital technologies. From the empirical research perspective the technological competitiveness of countries in the field of digital technologies also suffers from insufficient comparable approaches that would allow the benchmarking of countries and mapping their achievements and progress in this respect.
Therefore the main objective of this paper is to investigate the implications of the fourth industrial revolution for technological competitiveness, its definition and measurement methods, in particular in the field of digital technologies. An empirical part of this paper is aimed at identifying the comparative advantages of the EU member states in digital technologies. The research questions that will be answered in this paper are the following: -How technological competitiveness should be understood in the era of the fourth industrial revolution? -How to measure technological competitiveness in the digital age? -How does the EU compare to world leaders in terms of the competiveness of digital technologies? -Which EU member states have comparative advantages in digital technologies?
The paper is organized as follows. In the next two sections by using a literature review, a conceptual framework of technological competitiveness in the field of digital technologies and its measurement (indicators and data sources) are discussed. Then the competitive position in the field of digital technologies of the EU as a whole as well as of the EU individual member states is analyzed. In the last section the research findings are summarized and the main research limitations are presented.
Building a conceptual framework for the technological dimension of competitiveness in the digital age-a literature review
The economic literature on the technological dimension of competitiveness puts a lot of emphasis on the interrelationship between innovation and competitiveness. According to Porter (2008) the long-term competitive position of a country is related to the creation of new ideas and their commercialization. The importance of innovation and technology for countries' competitiveness has been also acknowledged within a framework based on a neo-Schumpeterian approach (see i.e. Grossman & Helpman, 1989; Narula & Wakelin, 1998; Uchida & Cook, 2005; Chiappini, 2014) .
However nowadays in the era of the fourth industrial revolution the nature of innovation has been changing. According to the OECD (2019, pp. 26-35) in a digital age the characteristics of innovation evolve in four directions: 1) innovation is increasingly based on data; 2) the focus of innovation processes is moving towards services which become more and more complementary to manufacturing; 3) the innovation cycles are faster than in the past with a growing need for experimentation and personalization; and 4) innovation processes require diverse forms of collaboration such as data sharing, partnerships, crowdsourcing, etc.
The digital transformation can change innovation processes significantly by reducing the costs of production and the dissemination of knowledge, goods and services. Digitized knowledge can be shared at the same time by many users. This may cause improvements and an acceleration of R&D and innovation processes and reduce the costs of production and commercialization of new products (OECD, 2019, p. 26) . Smart and connected products differ from traditional products in many ways. They have larger intangible components which can be simultaneously used in multiple locations. Intangible assets can be divided into three broad categories: information (i.e. databases and software), intangible innovative property (i.e. R&D, copyright and license, design) and investment in competences and skills (i.e. investment in firm-specific human capital, changes in organizational structure, market research) (van Ark, Hao, Corrado, & Hulten, 2009, p. 90) . As Haskel and Westlake (2017, p. 58) point out there are four important features of intangible investment: scalability, sunkenness, spillovers and synergies. Scalability refers to the large scale of intangi-ble-intensive businesses, which is enhanced by network effects. Some costs of the creation of intangible assets are irrecoverable and if the knowledge is not protected by formal intellectual property rights (such as patents) it is difficult (or sometimes impossible) to sell it, which explains its "sunkenness" feature. The results of investment in knowledge can be relatively easily used by others, therefore they have high spillover effects. These spillovers can arise from R&D but they also can occur in marketing or organizational activity. The fourth feature of intangible investment-synergies-is perfectly described by Haskel and Westlake (2017, p. 79) : "Ideas with other ideas go well together. This is especially true in the field of technology". These synergies of intangible investment also occur with human capital.
The four features of intangible investment described above can have an impact on the costs of development, production and commercialization of new products, intellectual property protection, networking and collaboration, market structure, etc. As a result the productivity gap between the most productive firms and others has been widening the most in intangible-intensive industries (Haskel and Westlake, 2017) .
What are the implications of the changing nature of innovation and the growing intangible component in goods for the competitiveness of countries? To explain these implications it is necessary to refer to M.E. Porter's concept of the competitiveness of nations. "The only meaningful concept of competitiveness at the national level is productivity. (…) A nation's standard of living depends on the capacity of its companies to achieve high levels of productivity-and to increase productivity over time" (Porter, 2008, p. 176) . As productivity is at the core of the competitiveness concept intangible assets that are gaining importance in the digital age also become more and more important for competitiveness. Summing up, digitalization causes changes in the characteristics of innovation; the digital world and competitiveness is based on innovation, the nature of competitiveness is also evolving. In particular it is related to technological competitiveness grounded in technologies that make the world digital.
Therefore in this context a key question is: how to define technological (or digital) competitiveness in this new industrial revolution? There is no doubt that in the digital age productivity still remains at the centre of the competitiveness concept (Delgado, Ketels, Porter, & Stern, 2012; Aiginger, Bärenthaler-Sieber, & Vogel, 2013; Porter & Heppelmann, 2014; Radman & Belin, 2017; WEF, 2018; IMD, 2018) . However some scholars observed that in the literature the broader interpretation of competitiveness is also described using terms such as "quality competitiveness" or "technological competitiveness". However these terms can be also explained narrowly with the focus on quality and/or technology (Aiginger & Vogel, 2015, p. 499) . Technological competitiveness can also be seen the context of innovative ability and adaptive capacity (Fageberg, 1996) or more broadly as the ability to produce new technical knowledge or develop new technologies which are economically useful (Aschhoff, Crass, Cremers, Grimpe, & Rammer, 2010) . Nevertheless the majority of studies on technological competitiveness refer to technological innovation or link it to productivity (see i.e. Fagerberg, 1996; Howells & Michie, 1998; Narula & Wakelin, 1998; Hemais, Barros, & Rosa, 2005; Weresa, 2010; Zamora-Torres, 2014; Radman & Belin, 2017) . However, having explained above that the features of innovation have been changing in the digital age, it seems that the digital dimension of technological competitiveness should be distinguished and studied in depth. This term has been already used in competitiveness rankings (IMD, 2018; WEF, 2018) as well as in assessing digitalization processes in the European Union in the Digital Transformation Scoreboard (EC, 2018) . However these studies focus on the digital competitiveness of countries at the macro level and digital technologies are one of its components. There are only a few attempts to analyze digital technologies separately (Ménière, Rudyk, & Valdes, 2017) .
How does digitalization impact on the competitiveness of countries? The explanation discussed in economic literature again refers to changes in productivity, which is a key element that explains competitiveness. The research on the implementation of digital technologies into production systems and the automation and connectivity in manufacturing and services proved that there is a positive impact of digitalization on productivity (Radman & Belin, 2017; IMD, 2018; WEF, 2018; Cockburn, Henderson, & Stern, 2018; Ungerman, Dedkova, & Gurinova, 2018; Monaco, Bell, & Nyamwena, 2019) . Digital technology is regarded as one of the key enabling technologies (Guellec & Paunov, 2018, p. 18) . The literature suggests that productivity gains depend on the variety of technological innovative applications, the diffusion speed and scope and strength of network effects (Aschhoff, Crass, Cremers, Grimpe, & Rammer, 2010, p. 29) . However innovation driven by digitalization cannot be limited to technology. Technological innovations are often accompanied by marketing or organizational ones. In-house innovative activities, exchange of advanced knowledge among suppliers, producers and users of new technologies coupled with intersectoral knowledge spillovers affect the international competitiveness of countries.
Furthermore digital technologies contribute to competitiveness by opening new markets for goods and resources. Thus new demand is created and collaborative networks among producers, suppliers and users are developed (Santos, Mehrsai, Barros, Araújo, & Ares, 2017; Ungerman, Dedkova, & Gurinova, 2018) . New demand and networking can bring cumulative positive effects that translate into economies of scope and scale. As a result additional productivity gains can occur which mean improvements of competitiveness.
Measuring technological competitiveness in the digital age
The importance of the fourth industrial revolution in shaping the competitiveness of nations has been reflected in new methodological approaches that have been used in competitiveness rankings. Since 2017 the IMD World Competitiveness Center offers a new competitiveness index that allows the assessment of countries' ability to adopt and use digital technologies. It defines digital competitiveness breaking it down into three main factors: knowledge, technology and future readiness. Each of these factors is further divided into three elements that comprise several detailed criteria described by statistical data from international and national sources and survey data (IMD, 2017, p. 31; IMD, 2018, p. 28) . The assessment of competitiveness in the digital age is based on 50 different indicators, some of them are broad and complex (i.e. GDP per capita, population) and some are narrow and focused on technological development, including digital technologies, i.e. high-tech patents as a percentage of total patent grants, wireless-broadband subscriptions).
Competitiveness in the era of the fourth industrial revolution was also assessed by the World Economic Forum in its 2018 edition of The Global Competitiveness Report. A new tool for understanding and assessing the competitiveness of countries was developed and digital components were included in the Global Competitiveness Index (GCI). The new Global Competitiveness Index 4.0 (GCI 4.0) integrates traditional competitiveness factors with new productivity drivers that will gain in importance as economies move towards the fourth industrial revolution. The idea behind this new concept is to develop a holistic approach which will allow better use of new technologies for enhancing the prosperity and wealth of nations. The new competitiveness drivers include innovation and human capital as well as 'soft' elements such as resilience and agility. The traditional and new factors are grouped into twelve pillars which are interpreted as measures of readiness for the fourth industrial revolution. These pillars form four broader categories: enabling environment, markets, human capital and the innovation ecosystem (WEF, 2018, pp. 37-38) . There are 98 indicators included as the GCI 4.0 components and each of them has been re-scaled and aggregated with a certain weight. The methodology was adjusted in order to capture the factors identified by literature as important for productivity in the era of digital transformation. Over 65% of indicators used in GCI 4.0 calculations are new, however, the WEF team conducted a formal statistical test, which showed that the GCI 4.0 is highly correlated with productivity levels which confirmed that it reflects competitiveness (WEF, 2018, p. 44) . It should be pointed out however that the GCI 4.0 includes countries' macroeconomic indicators, such as inflation or market capitalization (% of GDP) as well as other general development indicators (i.e. electrification rate; pupil-to-teacher ratio in primary education). It also comprises indicators of ICT development (i.e. mobile-cellular telephone subscriptions; Internet users as % of adult population).
Attempts to measure directly digital competitiveness were undertaken by the European Commission. Europe 2020 strategy identified Information and Communication Technology (ICT) as one of the key drivers for smart and sustainable growth. Europe's Digital Competitiveness Report was published for the first time in 2010 in order to monitor the development of digital technologies. The focus was mainly on ICT and its impact on productivity. The model measuring this impact was based on a standard neoclassical production function where ICT-capital was taken into account as one of the inputs. Empirical estimation of this model for a panel of 19,000 European firms across thirteen countries proved that ICT impacts productivity (a coefficient was 0.023) (EC, 2010, p. 120) . Further methodological developments resulted in the construction of the International Digital Economy and Society Index (EC, 2015) which measures the digital transformation of the EU member states. It comprises 44 indicators grouped in five dimensions: connectivity, human capital, use of Internet, integration of digital technology and digital public services (EC, 2018, p. 64) . These individual indicators measure various elements of ICT advancement (i.e. percentage of households subscribing to broadband of at least 100 Mbps, SMEs' total turnover from e-commerce, people with a degree in ICT). They cover many dimensions of digitalization (technological, economic, social, psychological).
The overview of a different methodological approaches to competitiveness in the digital age presented in international competitiveness rankings allows the conclusion that the technological dimension of competitiveness and in particular, competitiveness of countries with regard to digital technologies was included as a component into the overall competitiveness assessment, but not directly measured so far. Therefore a question related to methodology is: How to measure technological competitiveness in the digital age?
Building on the literature discussed in the previous section it can be observed that technological competitiveness is strictly connected with technological innovations, which is reflected in the technological comparative advantages of a country. Technological innovations are often protected by patents which allow innovators to take advantage of their intellectual property rights and compensate for expenditure on research and development (Scotchmer, 2005; OECD, 2009) . Patents are used to measure innovative activity, however, they have some merits and drawbacks as the heterogeneous, non-linear and complex nature of technological change is difficult to capture by one indicator (Archibugi & Pianta, 1996; Popp, 2005; de Rassenfosse, Dernis, Guellec, Picci, & van Pottelsberghe de la Potterie, 2013; Abbas, Zhang, & Khan, 2014; Kowalski & Michorowska, 2014; Ferraro, Dutt, & Kerikmäe, 2017) . Nevertheless patent statistics have been widely used for assessing the competitive position in various technology fields both at firm and country levels (for an overview of merits and drawbacks of patents and patent-based indicators and databases see: Archibugi & Pianta, 1996; Dernis, Guellec, & van Pottelsberghe, 2002; Archambault, 2002; Kim & Lee, 2015; Dziallas & Blindt, 2019) . Scholars apply different techniques and indicators in patent-based analyses of technological change, such as a propensity for patenting (Pantano, Priporas, & Stylos, 2018) modelling-based approach (Wallusch, 2015; Choi & Song, 2018) patent citations counts (Ernst & Omland, 2011; van Raan, 2017; Tijssen & Winnink, 2018) or use patent-based indices: revealed technological advantages-RTA, patent h-index, patent asset index, current impact index, etc. (Marinova & McAleer, 2003; Ernst & Omland, 2011; Huang, Chen, Shen, Wang, & Ye, 2015; Prud'homme, 2016; Wisla & Sierotowicz, 2016; Montresor & Quatraro, 2017; Makhoba & Pouris, 2019) . This paper will draw on the strand of research that uses patent-based methodology assuming that important technological achievements are protected by patents and that they reflect technological specialization of a country. Having said in the previous section that in the era of the fourth industrial revolution digital technologies have become key enabling technologies it is assumed that innovations in digital technologies and the comparative advantage of a country in digital technologies can become a proxy for the competitiveness of digital technologies. Patent data allow a more granular view on digital technologies development in different countries.
There is a broad range of patent indicators that can be used for assessing technological competitiveness (Mehrotra, Sabitha, Nagpal, & Mattas, 2016) . Patent indicators are used to measure technological change and the specialization of countries in different technologies but they also can be considered from the economic and legal perspective (Lee, 2009 ). This paper focuses on the technology to which patents belong, namely digital technologies.
The technological specialization will be examined here for selected EU countries on the basis of two indicators derived from patent statistics, namely the technological specialization index and patent share index. Such an approach allows the combination of the local and global perspective with regard to the technological competitiveness of EU countries in digital technologies. The following patent-based indicators will be calculated and analyzed: (1) the Patent Share (PS) and (2) the Revealed Technological Advantage (RTA) indices. Figure 1 presents the conceptual framework of the analysis of technological competitiveness in digital technologies. It shows how local and global aspects of technological competitiveness in the field of digital technologies are captured by RTA and PS indices.
The first of these indices, i.e. the Patent Share (PS) index, is calculated to identify the specialization of individual countries in a specific field of technol-58 Economics and Business Review, Vol. 5 (19), No. 3, 2019 ogy (Patel & Pavitt, 1991) . In this paper patents in technologies related to the fourth industrial revolution will be taken into account. This index is defined as follows:
where PSij is a share of patents in the field j from country i in the world patents in field j Pij = number of patent applications by inventor from a country i in the field j P PS P ij ij i j = ∑ = total number of world patent applications in the field j.
The patent share index (0 ≤ PSij ≤ 1) reflects the impact of an individual country's patents in a particular field of technology. It can also be given as a percentage, and then it ranges between 0-100%. The impact is the strongest in technologies where the highest values of the index are observed.
Another indicator, i.e. the Revealed Technological Advantage (RTA) index, measures technological advantages for selected countries (in this paper these are all EU member states) relative to other countries or the whole world (Marinova & McAleer, 2003; Weresa, 2010; Wisla & Sierotowicz, 2016; Montresor & Quatraro, 2017) . It reflects local development of technologies relative to other countries and is defined as follows:
Figure 1. Competitiveness of a country in digital technologies measured by patent indicators
Source: Author's concept adapted from (Weresa, 2010) .
RTA index
Local where: Pij = number of patent applications by inventor from a country i in the field j P PS P ij ij i j = ∑ = total number of world patent applications in the field j P j ij ∑ = total number of patent applications by inventor of country i P i j ij ∑ ∑ = total number of world patent applications.
An RTA < 1 means that a country does not enjoy technological comparative advantages in the analyzed technology while RTA>1 indicates advantages in the analyzed technological field.
The data used in the empirical analysis come from the database of the European Patent Office. The European Patent Office developed criteria to extract patent applications that relate to the digital economy. These patent applications are divided into three main groups described as: core technologies, enabling technologies and application domains. The groups are further divided into several technological sub-groups (Ménière, Rudyk, & Valdes, 2017 p. 23) .
In this paper the aggregate data for all patent applications in technologies classified by the EPO as those related to the fourth industrial revolution will be taken into account. The data cover patent applications at the EPO by the inventor country in the period 2009-2016. Table 1 presents the results of calculations of PS and RTA indices. The analysis is limited to the countries that have a patent share index higher than 0.1%. According to the EPO data 46,895 patent applications in the technologies related to the fourth industrial revolution were submitted at the European Patent Office by 88 countries in the in the period of 1990-2016. 61% of these patent applications were submitted during the period analyzed in this paper, i.e. the years 2009-2016. A first step in this analysis is to define technological competitiveness in digital technologies of the EU as a whole. The share of digital patent applications submitted by the EU countries (EU-28) was relatively stable and in the years 2009-2016 it amounted to 28%. The impact of the EU on digital technologies' development when measured by patent share index is slightly higher than that of the US. In 2009-2016 the latter had the share of 26.8% in the world patent applications in digital technologies. Japan is the third most impactful country in this respect (18.7%), followed by the South Korea (11.4%) and China (5.6%). Looking separately at each EU member state the strong position of Germany should be pointed out. This country's patent share index for the period of 2009-2016 amounted to 8.3%. Other EU countries that have a relatively high share in world patent applications in digital technologies are: France, the UK and Sweden (with shares standing at 5.6%, 3.3% and 2.3% respectively) (see Table 1 and Figure 2) .
Empirical results
However despite the relatively high PS index in the field of technologies related to the fourth industrial revolution for the EU as a whole and for some EU member states, technological competitiveness of the EU measured by the RTA index is quite weak. Digital technologies do not belong to the EU technological specialization as the RTA index in 2009-2016 was below one, amounting only to 0.64. Other countries with high patent shares such as the USA, Japan, the South Korea and China enjoyed technological comparative advantages in digital technologies (their RTA indices were respectively: 1.08; 1.31; 3.02 and 2.12, see Table 1 and Figure 3 ). Figure 3 clearly shows that the EU as a whole did not specialize in digital technologies in the period of 2009-2016, while majority of its peers did. The results however vary for individual EU member states. Only seven EU countries enjoy technological comparative advantages in digital technologies. These are: Estonia, Finland, Greece, Hungary, Poland, Portugal and Romania. Paradoxically, apart from Finland, these countries do not belong to the most impactful EU member states in digital technologies as their patent shares are very low, below 0.5%. Finland is the only exception in this group with the PS index equal to 1.7% (Table 1 and Figure 4) .
It should also be pointed out that four out of seven EU members that enjoy technological advantages are countries from Central and Eastern Europe that joined the EU in the first decade of the 21st century. It is a new feature of their patenting activity. With low patent counts they are still relatively more focused on protecting their intellectual property in digital technologies than in other technological fields.
However when interpreting empirical results, in particular values of RTA indices, it should be remembered that data cover only patent applications in digital technologies classified by country of inventor and submitted to the European Patent Office. The data from other patent offices and classified using another perspective (i.e. classified by country of the applicant) may bring deviations in the patterns observed as companies may differentiate their innovative strategies adjusting them to particular markets and, as a consequence, behave differently with regard to intellectual property protection. Data from other sources (patent applications under PCT procedures, patents granted from the US Patent Office, etc.) have not been taken into account due to the unavailability of such detailed patent statistics for digital technologies.
There is however a possibility to compare the results of this empirical analysis with findings presented by the OECD for the whole range of ICT technologies. ICT technologies are a much broader category but they also comprise some digital technologies but not all of them. 3 However it is commonly acknowledged that the development of ICT technologies to some extent represents the level of a country's digitalization (OECD, 2017; WEF, 2018; IMD, 2018; EC, 2018) . Therefore the OECD data on patent applications in the ICT technologies and calculations of the RTA index can also be used as a proxy for the technological competitiveness in the field of digital technologies.
According to the OECD there have been changes in relative technological specialization in ICT over the 2002-2015 period. In particular China and India increased their relative specialization in ICT as measured by the RTA index, while Korea and Finland decreased their specialization (OECD, 2017, p. 178) . The EU as a whole increased its specialization in ICT technologies but despite this, it does not enjoy comparative advantages in this technology group. Figure  5 shows a detailed picture of relative specialization in ICT technologies and their changes over the 2002-2015 period measured by the RTA index. The index is calculated by the OECD on the basis of patent families within the Five Intellectual Property Offices (IP5). Patents are classified by inventor country. It is worth comparing the OECD findings on countries' relative technological advantages in ICT technologies with the results of the analysis conducted in this paper for narrowly defined digital technologies. However before conducting such comparative analysis some important remarks should be given. One should note that there are differences in the data used in both analysis, such as the period of analysis, definition of technologies, patent offices where the applications have been filed. Therefore a comparison of the results of both analyses is limited to some tentative observations about similarities and differences in patterns of technological specialization.
It appears that the EU as a whole does not reveal a relative specialization in digital and ICT technology groups as opposed to its emerging global competitors, such as Korea, China, India, and the Russian Federation, which enjoyed relative advantages in both groups of technologies (see Figures 3 and 5) . The case of the US is different as this country enjoys some small comparative technological advantage in digital technologies (RTA = 1.08), while it did not have comparative advantages in the ICT technologies and its position in this field even decreased in 2012-2015 (see Figures 3 and 5) .
When it comes to individual EU member states only one EU country, namely, Finland, enjoys comparative technological advantages in ICT and digital technologies. ICT also belongs to the relative technological specialization in Sweden and Ireland. Other EU countries for which the digital technologies were relatively advantageous (i.e. their patenting activity in this technological field, although small, was more intensive than the average in the world) did not enjoy technological advantages in ICT technologies (see Figures 4 and 5) .
All in all the findings of the OECD about the technological advantages of various countries in ICT technologies indicate that tendencies in technological competitiveness (specialization) of countries in ICT are quite similar to the ones revealed in the analysis of technological competitiveness in digital technologies conducted in this paper. These tentative conclusions should be treated with caution keeping in mind the limitations related to comparability of the data discussed.
Conclusions
Summing up the results of the empirical analysis indicate that, on the one hand, the EU as a whole has a quite high impact on the world patenting in the field of digital technologies confirmed by the high Patent Share index (PS = 28.2%), but on the other hand, it does not have comparative advantages in these technologies (RTA index = 0.64, i.e. below 1). However looking at the individual member states it can be observed that the EU can be divided into three sub-groups in terms of digital competitiveness measured by patenting activity in technologies related to the fourth industrial revolution. A few EU member states are amongst the world leaders in terms of the Patent Share index but they do not enjoy comparative advantages in these technologies compared to the whole world. These are: Germany, France, the UK and Sweden. Another group of EU member states consists of seven countries, such as Estonia, Finland, Hungary, Poland, Romania, Portugal and Greece. They are not strong in terms of the number of patent applications in digital technologies as they have a very low patent share in the world in this technological field. However they enjoy a comparative technological advantage (RTA > 1) in digital technologies. The rest of the EU countries form the third group that is neither impactful, nor advantageous in technologies related to the fourth industrial revolution.
When one compares these findings with the OECD data on revealed comparative advantages in the whole group of ICT technologies, it appears that for the EU as a whole, as well as for the first and the third group of EU coun- RTA index for ICT technologies in 2012-2015 (5IC patents) tries distinguished above, the technological competitiveness pattern is similar in both technological fields (i.e. ICT and digital technologies). In the second group classified as not impactful, but relatively advantageous, in the field of digital technologies a similar pattern for ICT and digital technologies was observed only in Finland. This country enjoys comparative advantage in broadly understood ICT technologies as well as in narrowly defined digital technologies that are related to the fourth industrial revolution. In other countries that belong to this group specialization patterns differ for ICT and digital technologies. Figure 6 plots these two variables (RTA in ICT and RTA in digital technologies) in order to illustrate the tendencies observed.
The results of this research should be interpreted with caution keeping in mind the narrow definition of competitiveness in digital technologies as well as several limitations of the methodology used in the analysis. Although patent statistics and in particular, the PS and RTA indices based on patents are useful proxies to gauge technological competitiveness these empirical research tools face several limitations. There are some limitations related to the usage of patent statistics as a proxy for innovation and technological competitiveness as broadly discussed in the literature. In the context of digital competitiveness the main weakness of patents as indicators is that they represent only one dimension of technological development. A multidimensional approach that also includes other elements, such as human resources that are necessary for the development of digital technologies, may throw some additional light on this topic. There are also some other limitations related to the indices used in this paper. They adequately capture relative revealed technological advantages, however they do not take into account commercialization of these of new inventions. Thus the use of rudimentary indicators allows a comparison of countries in terms of the relative number of patents but the patent value has not been included in this analysis. Furthermore patent activity in digital technologies increases more quickly than in any other field of technology. As this technology field represents a technology with the broadest interdisciplinary profile a typology of these patents worked out by the European Patent office changes over time, which makes it difficult to aggregate and compare results achieved in different periods. Last but not least, this analysis is limited to the EPO database. The European Patent Office is one of the key patent offices in the world, however, it may be useful replicate these empirical research using data from other patent databases (US Patent Office, Japanese Patent Office, etc.) and compare the results. At this stage it is not possible to extend research in this direction because so far only the EPO has attempted to prepare a patent map for technologies used in the fourth industrial revolution. With the growing role of information and communication technologies and the rapid expansion of digitalization it seems that further extensive research is needed to bring some new empirical evidence which explains this new dimension of competitiveness.
